Aims: To describe the microscopic appearance of adenovirus infection in the large bowel of human immunodeficiency virus (HIV) positive patients with diarrhoea. Methods: Large bowel biopsy specimens from 10 HIV positive patients, eight of whom were also infected with other gastrointestinal pathogens, with diarrhoea were examined, together with six small bowel biopsy specimens from the same group of patients. Eight of the patients had AIDS. The biopsy specimens were examined by light microscopy performed on haematoxylin and eosin stained and immunoperoxidase preparations, the latter using a commercially available antibody (Serotec MCA 489). Confirmation was obtained with electron microscopy. Results: The morphological appearance of cells infected with adenovirus showed characteristic nuclear and cellular changes, although the inflammatory reaction was non-specific. Immunoperoxidase staining for adenovirus was sensitive and specific, and the presence of viral inclusions consistent with adenovirus was confirmed by electron microscopy. Conclusions: The light microscopic features of adenovirus infection are distinctive and immunocytochemistry with a commercially available antibody is a sensitive and specific means of confirming the diagnosis. Further studies of the role of adenovirus in causing diarrhoea in these patients are indicated.
Diarrhoea and gastrointestinal symptoms are common in HIV positive patients. Almost all patients with AIDS report diarrhoea at some time during the course of their disease. Potentially causative infectious agents are recovered from 49%1 to 85%2 of these patients. There is a higher rate of detection in patients with AIDS. The association between symptoms and some of the organisms is unclear.
Adenovirus infection is a known cause of diarrhoea in children. It has also been isolated from HIV positive patients. The first suggestion of an association between adenovirus and diarrhoea or colitis in AIDS was reported in two patients in whom adenovirus was isolated from a culture ofbiopsy tissue. 3 However, both had histological evidence of cytomegalovirus (CMV) infection, confirmed by electron microscopy and immunocytochemistry. 4 Recently Janoff et al showed the presence of adenovirus infection of colonic epithelial cells in five HIV positive patients with diarrhoea, two cases of which were confirmed by electron microscopy and two by immunofluorescence of cultured colonic epithelial cells. 5 We now report the histopathological, immunocytochemical, and electron microscopic findings in 10 patients with colonic epithelial adenovirus infection. contrast to CMV. Because the cytoplasm is usually filled with mucin and vacuolated, the low power appearance is that of a goblet cell lying below the level of epithelial nuclei in that area. The nuclear changes range from that of a crescent or sickle-shaped amphophilic nucleus within a vacuolated cytoplasm to a moderately enlarged nucleus with an irregular outline which appears amphophilic at low power, but which at high power often resolves into a number of variably sized small intranuclear inclusions; these may coalesce and fill the nucleus. These two extremes of nuclear morphology probably represent the same changes seen in different planes. With mucin stains, the 
The associated mucosal appearances were rather non-specific and involved a mild to moderate chronic inflammatory infiltrate.
Neutrophils were only occasionally present. The epithelium showed some disarray, with an irregular, serrated epithelial surface, nuclear pseudostratification, and blurring of the boundary between epithelial cell base and lamina propria. There was a variable degree of oedema and apoptotic nuclear debris. These changes did not seem to correlate with virus load, which we estimated by counting the number of positive cells in a length of mucosa roughly equal to 20 crypt widths. In our patients this varied from 1 to 160. Patients at either end of this scale had similar epithelial and inflammatory changes. Interestingly, and perhaps not surprisingly, the two patients with the greatest numbers of infected cells had the lowest CD4 counts. In case 1 who had colonoscopic survey with multiple biopsy specimens, the number of infected cells increased with distance from the ileo-caecal valve.
IMMUNOCYTOCHEMISTRY (table)
Optimal protease digestion, antibody dilutions, and incubation times were established using sections from case 1 in which electron microscopy had shown the presence of intranuclear viral particles of 60-80 nm with morphology consistent with adenovirus. The cells with cytopathic changes showed strong blackish-brown nuclear staining with the adenovirus antibody (fig 3) , which often delineated individual intranuclear inclusions (fig 4) and revealed cells, particularly with a sickled nuclear morphology, that it would not be possible to ascertain were infected with adenovirus on haematoxylin and eosin staining alone. There was no positive staining in morphologically normal cells and there was no false positive staining of the CMV or herpes control cases. Furthermore, in six patients duodenal biopsy specimens, obtained at the same time as the rectal ones, were consistently negative.
ELECTRON MICROSCOPY
In three cases with relatively few infected cells the cells could not be found after lifting off parts of the paraffin wax sections. In one case (case 1) infected cells were successfully obtained for electron microscopy and showed closely packed intranuclear crystalline arrays of viral particles of a uniform morphology and hexagonal/rectangular pattern, 60-80 nm in size ( fig 5) . In case 1, with large numbers of infected cells, a greater number showed intranuclear viral particles than were detected by light microscopy. Although the size is marginally smaller than adenovirus in culture or from stool isolates (70-80 nm), the size difference is compatible with shrinkage artefact due to recovery from processed and fixed tissue. The particle size is too large for polyoma (40-50 nm) or parvovirus (30-45 nm), and too small for cytomegalovirus. 
Discussion
Diarrhoea is a common and debilitating problem in patients infected with HIV, particularly those who have AIDS. The organisms commonly found include cryptosporidia, microsporidia, salmonella, Mycobacterium avium intracellulare (MAI) and cytomegalovirus (CMV). The role of adenovirus as an enteric pathogen in HIV is uncertain, although it has been implicated in fatal hepatic infection in HIV67 and in other immunodeficiency states.6 8 It is known to be associated with a frequently fatal gastroenteritis in bone marrow transplant recipients9 '0 and is a common cause of respiratory tract infections and gastroenteritis in otherwise healthy children." 12 In these groups with gastroenteritis adenovirus types 40 
